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MOTIVATION = 74"

Non-strange V-A currents can be split into
1st class currents; J©¢ = ot 00, 1t 17

SCC 2nd class current: JF¢ =0t 07, 1t 17

G — Parity : G|X) = @7 C|X) = (-1)/C|X)
Gldvy*u) = +|dy*u) = Gl n)=-|r"n)

G-Parity violation

Irrespective of the underlying resonance mechanism
T U
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MOTIVATION = »=u"

Non-strange V-A currents can be split into
1st class currents; J©¢ = ot 00, 1t 17

scc  2ndclass current: J7¢ =0t 00t 1t 1

G — Parity : G|X) = ™% C|X) = (-1)'C|X)
Gldvy*u) = +|dy*u) = Gl n)=-|r"n)

G-Parity violation

Irrespective of the underlying resonance mechanism

Note: There are/have been several attempts to discover SCC in nuclear processes, but
they mostly rely on CVC (and SCC should be effects of the order of isospin breaking
corrections to CVC) and have large uncertainties.

RevModPhys.78.991

It is an isospin violating process (my, = my, e = 0)
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*¢ MOTIVATION ="

G — Parity : G|X) = @7/ C|X) = (-1)/C|X) Gldy*u) = +|dy*u) = Gl n)=-|r"n)
Irrespective of the underlying resonance mechanism G-F’arity violation
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These decay modes should have already been discovered if it was not for the strong bkg
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MOTIVATION

G - Parity : GIX) = €75 CIX) = (-1)/CIX)  Gldh*u) = +|d7+v)
G-Parity violation

SCC

Irrespective of the underlying resonance mechanism

These decay modes should have already been discovered if it was not for the strong bkg
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> MOTIVATION 7= ==

G — Parity : G|X) = ™% C|X) = (-1)'C|X) Gldy*u) = +|dy*u) = Gl n)=-|r"n)
Irrespective of the underlying resonance mechanism  G-Parity violation

It is an isospin violating process (my, = My, e = 0)

’ V3 (g — 17y

A(ms — (my, +my)/2)

&

The considered processes could provide complementary information to n—3n
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*¢ MOTIVATION ="

G — Parity : G|X) = &7k C|X) = (=1)/C|X) Glaviu) = +|dy ) = G

) =—|7"n)

Irrespective of the underlying resonance mechanism  G-Parity violation

It is an isospin violating process (my, = My, e = 0)

V3 (g — 17y

A(ms — (my, +my)/2)

The considered/processes could provide complementary information to n—3n

The corresponding suppression of the SM contribution can make NP visible
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MOTIVATION = »=u"

Possible new physics contributions: Charged Higgs

T L

Enhancement of the dominating SFF:

fo ()= fq (9)

! CH(Cumy — Camg) S From B,
M My, — Mg mi; ., Gla/miy. | < 0.1 GeV™?
Improvable if we know the SFF with < 20% accuracy
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Hadronic matrix element and decay width = — 9"

M = 2Vl (1L = )upr) (1l ulo)
4
g° t:f:ﬂaffv W- K},_%

L —

u

T
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Hadronic matrix element and decay width

GF
_.-'H — ‘VKE Hfﬂ!{py,] rlu_[]. — rl" T.f.{jj'j- {T .irl ]|{fn “H U}
Following Gasser & Leutwyler:
(7~ 0" |dy"u|0) = .r. . [{p” n—pe WFT ”(5} — (P +p. - MFT
{.!:;_”:,: = V2, s =¢° = {p”.f;. + pa-)?
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Hadronic matrix element and decay width = — =",

G
M = f‘.mgulpy Y1 — 5 u(p: ) (77" |dy*ul0)

V2
Following Gasser & Leutwyler:
(7" |dy*ul0) = e o [I;J”,] — p PFT T (s) — (Pyen + pr- ) F™ 7 (s)
‘f'-!:_-_ [ — V/E 5 = ffg — {pr,l"':' T FJ;.——]-E

Another FF (F,) is employed instead of F_in order to have both FFs in correspondence
with S- (Fy) and P-wave (F.).
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Hadronic matrix element and decay width = — =",

G
M= Vaua@(po, )vu (1 — 35)ulp: ) (7~ 5" |dy"u|0)

V@

Following Gasser & Leutwyler:
(NI~ ulo) = & A ~;¢Fr_a}'“ N _ ;A.Fi_r,l”:' R
m nldy"ul0) = Lo [Py — pa- FT " (8) = (g + eV FZ 7 ()

{!F_ [ — V/E 8 — "?E — {prll"':' _pﬂ'_jg

Another FF (F,)|is employed instead of F_in order to have both FFs in correspondence
with S- (Fy) and P-wave (F.).

Oy
v
— )] £ 7 . . vi— (N1 T i .-51 '.'T“]’.I"':' R
(w9, (dyFu)|0) = i(mg — my ) (7 0 |dul0) = iA g0 e 2 Fo (s)
N r—— —

":. - LT '\-II.
= _ ,?{:} )= suppresion suppression

S S 2

-.——]..Il 1‘: Ir.ﬂ_rll.- — ﬁ!

Apg = -r'n.fj — *.rn,?-_;.
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Hadronic matrix element and decay width = — 7 "v;

G
M= Vaua@(po, )vu (1 — 35)ulp: ) (7~ 5" |dy"u|0)

V@

Following Gasser & Leutwyler:
.{ﬂ—_ Tli'[f:ll'fin,l"“u“}) — t’.’;_n”:. [{p”qr] — P :]“'_F_T: n (i_,]- — (EJJ}:.-] + er—JHFE n {":’]]

{'.EV— 0 — V/E 5 = qz — I::;ﬁlrl'”:I —p;r—JE

Another FF (F,)|is employed instead of F_in order to have both FFsjin correspondence
3 with S- (Fy) and P-wave (F.).

1)

v

(m 8, (dy"u)|0) = i(mg — my) (7~ 7" |dul0) = E&E%;LL S Jr,,F[;'__r"”J{H:]

:Ih.
N . “‘—T—-"'
O(=_, [(r) )= stppresion suppression
2 . 2 .
el S 2 a2 2
Cin 1.: Cr—yp = 73 Apg = mp—mg 5
i

v

i (") |dyFul0) = i{!::_u,;,: l{i-'n.E ,—m? ]FP_” [‘j} — SF_F—”M{F;J]
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Hadronic matrix element and decay width = — 9"

{:'r_-r}{’”fh (dy"u)|0) = i(mg — my,) (77" |dul0) = fﬁﬁ’ﬁfi’L S FET_I?”}(E;'

C {
L (A

*ﬂ-—gi{rl 1I-I||r|

4

igu O ldyul0) = icl_ ., [(m2q, —m2 )L () = sFZ 17 (s)]

el QCD
- (*h '&‘JT._I"I”:' {-i’-']'{” ﬂh,l:,h,_l_ ) 1'T_“.I{”
FT(s) = ——12 | -~ }Fﬂﬂ () + FT " (s)
- "t TV

4

— ,ﬂ. —_ v p— _lq.{:?f;]_ 1 —— [}
(=) |dy*u|0) = [[pﬂ.;,] — pa )+ 'T—ﬂ]q“'] & WFIT(s) + LB greS Fy T }(*f;'

S .:rl-.irll.l ] 1'_:? -',;I.I. —_ _:Il.lnf }
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Hadronic matrix element and decay width = — 7 "v;
— (N 7 , — M3 > Tl
(778, (dy*u)[0) = i(ma — my) (77 |dul0) = AT el Fy T (s)

ig (T 7 d~Pul0) = Cr—p [{mn,,, m2_)F} o [‘;}—SFE_?]{’]{SJ]

4

5' QCD
0 ﬂﬁ_ [} r'| .&.
F™ 7 (s) = ——= 1 ,.L ﬂ”“ Fr” (s) + FT " (s)
. ‘.T (1) F_T?”}
A QO
— T ‘E - 0K+ mo (1)
(=) |dy*u|0) = [[pﬂ.;f] — pe ) + ] Crpin F ﬂ +“—;‘q“c;f_ﬂ.;,;.FE._ T (s)

The finiteness of the matrix element at the origin imposes

o AQCD

RO K+ Fg—n-:r:n 0).
&TT_ -rlr':"]'

oS
— T_
F+ ! {.ﬂ::' — = 1
r—r?"'}
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Hadronic matrix element and decay width = — 9"

O=xy }:éuppre&s."an

. . [ — ) \ g 2
Sew [VuaFL ™ (0)] (1 - )
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d\/s - 24m3s M?2

a2
2s —_— () S;ﬁ.i_ 0 )

{(1 N "lf-‘z) '}“i_”{,, (S)FE T {HHE - 4—;'!?77—?;'3'3{"”:41:{? ! [‘JHE}
4 T [
[s2 — 2s¥po + A%, _
QI?Q[SJ = 1"'{ . Q2 EPQ — ;rn%_, + i"j"i',é.
2y/s

Towards the discovery of 2nd class currents @ Belle-I| Pablo Roiq



Hadronic matrix element and decay width = — 7 "v;

O=xy }:éuppre&s."an

Y jp— — . (r ;
dr (v s mnv) _ f“?*”fam T U”;-( 5- )2
d\/s 247dsg e M?

a A2
25 3 ) '“".'T_rf"':' V12 3':}‘?_ () o :'.'l' 9
{ ( Jﬂjg) qﬂ'_:l]':” {'hl:llF—F I::"::|.-:I| LB 4‘1 q-——.”. 5 ]|F{] [ }|

[ o2 s 1 A2
1';.'; B E.Fz_.lfe"{_d} A/

qrQ(s) = M-: . Xpg = m%; + m%

All dynamics is encoded in the normalized FFs

— FT 1" (s
F'-;: ':]ril {‘"'} _ -.-f'? |:|':|{ :I
Fio" (0)

Spw = 1.0201 (Erler)  Vua = 0.97425(8)(10)(18)
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Hadronic matrix element and decay width = = =",

O cxy )=>suppression

a0 (= s yOvr) G2

d\/s

qro(s) = \FM’;

All dynamics is encoded in the normalized FFs

) FT 17 (s
F—i: ':]rll {{"} I _,_f:. 3] - :I
Fio" (0)

Spw = 1.0201\(Erler)  Vua = 0.97425(8)(10)(18)

Isospin-violating quantity O(mg — my)

explaining the overall
suppression of these decays
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Relation between nrt,nin,mn’ VFFs

yPT in the large-N¢ limit: simultaneous expansion in p%, m? and 1/N.

xFT(LO)

BT (vector exchange) R

x
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Relation between nrt,nin,mn’ VFFs

yPT in the large-N¢ limit: simultaneous expansion in p%, m? and 1/N.

1 .3 l . 1 _ -y
=T+ —=Ns + —=T T K
v 2 3 h v 3 1 , | . D
P — T ——=T" + —=Ng + =M K
V2 NG V3 |
K~ (" — 218 + =1
WL Wl
E[] 1 E*_ﬁ;j\ Eﬁ.i.li.-' TI':J
].JI — E‘Jil | (Erll?li‘ll j Ei r'l|" — COS (HJ}w" ) E‘_ﬁ;ll'li COS |:=Hr|l?|i‘ll __-l — Sill {. H?F}.’ .-:l ”E‘-
f o Vo . - I | b i
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Relation between nrt,nin,mn’ VFFs

yPT in the large-N¢ limit: simultaneous expansion in p%, m? and 1/N.

oty L v ! t K~
$ — T — jﬁ?z + ﬁ?m + ,'H_J.L-‘gﬁl K"
K- K° — =118 + N
o 1 Emn = >
y _ sin (6 o 1) Epyy — COS (HJJ'T.' )ex cos I: ﬁ‘r;7;“) — sin (6, ) T8
n — sin ﬂﬂm } ry — COS (H‘,me] ,j.e sin H:"«.-;;;*J COs (ﬁm,n*) yil

F_f_”{,ﬂ;:] = (gqpcosf — oy sind)
Oy ~Op = (—13.3+1.0)°
(KLOE Coll. PLE 648 07 267)

FT "(s) = (gqy cosfl + 5, sin )

exrn ~ 0.018(2) \\ A 1

Expr ~0.005(1)
O( =5 n )=suppresion Fn-n'ﬂ{s}
(Kroll Mod.Phys. Lett. A20 (2005)) +

Fir‘?.i‘[[]:] = £ COS g — Sy sind . F?_-'_’-'.i‘ I:U:l — Eqyy COS A+ Ean sin
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Data-driven mn & mn’ VFFs
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Relation between KK,mn,mm’ SFFs

(Escribano, Gonzalez-Solis and Roig JHEP 1310 (2013) 039)
(Escribano, Gonzalez-Solis, Jamin and Roig JHEP 1409 (2014) 042)

In previous works we showed that a Breit-Wigner description of SFFs fails to
account for the data in T — K(n/n) v, decays.
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Relation between KK,mn,mm’ SFFs

(Escribano, Gonzalez-Solis and Roig JHEP 1310 (2013) 039)
(Escribano, Gonzalez-Solis, Jamin and Roig JHEP 1409 (2014) 042)

In previous works we showed that a Breit-Wigner description of SFFs fails to
account for the data in T — K(n/n) v, decays.

This is not surprising since BWs violate analyticity and unitarity and do not
comply with chiral symmetry requirements.
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Relation between KK,mn,mm’ SFFs

(Escribano, Gonzalez-Solis and Roig JHEP 1310 (2013) 039)
(Escribano, Gonzalez-Solis, Jamin and Roig JHEP 1409 (2014) 042)

In previous works we showed that a Breit-Wigner description of SFFs fails to
account for the data in T — K(n/n) v, decays.

This is not surprising since BWs violate analyticity and unitarity and do not
comply with chiral symmetry requirements.

Although theory says BWs should not be applied, sometimes they are an easy
solution fo the experimentalists.
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Relation between KK,mn,mm’ SFFs

(Escribano, Gonzalez-Solis and Roig JHEP 1310 (2013) 039)
(Escribano, Gonzalez-Solis, Jamin and Roig JHEP 1409 (2014) 042)

In previous works we showed that a Breit-Wigner description of SFFs fails to
account for the data in T — K(n/n) v, decays.

This is not surprising since BWs violate analyticity and unitarity and do not
comply with chiral symmetry requirements.

Although theory says BWs should not be applied, sometimes they are an easy
solution fo the experimentalists.

That is why we decided to start our analyses with them (again).
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Relation between KK,mn,mm’ SFFs

— 1)~ TT{J’J
(Mg —my)(n~n"|dul0) = A5 C2 o Fg 7 (8) =

Breit-Wigner

. . I:F.:I .-'.J'. . L] F 1
Imposing £y 7 (s) to vanish for s - oo we arrive at

(1) - (n ME+A 3/2 h
m T _ AT T 1] _ 2 i (S}
Fo 7 (8) =6 M2-s-iMsT5(s) M's(8) =Ta(Mg) M2, h(MZ,)
2 2 _ 2 A 2
- 2 L By 4 n ./
h(s) = + 5 (cﬂ ) (1+ S) + 3 (CO ) (1+ 5 )
C:]T T = cosby, — \/Es;inﬁ'wr; CE]T T = costp,y + \}Esinﬁwr
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Relation between KK,mn,mm’ SFFs

— (M= mnl’)
(mg —my)(r™n"|du|0) = ARG, CZ o Fo " (s) =

Breit-Wigner

’/.-'—‘\-_-"'

xPT (L ar

Imposing JF-_D”_"J (s ) to 'u'ElFIISh for s = co we arrive at
(Brodsky-Lepage) 25—

NLY)

— Breit- Wigner |a;(980)] | ]

2
F?r‘-r,r{”(s) _ [,_.';fr_i']r{’rJ MSJ’ﬂn.r—r}{’J ool
0 o -0 Mg—S—IMSFS[S): 'U;
FI(0) = 0.92 and FJ" (0) = 0.05 =

Real part of the loop neglected

(

10}

Violation of analyticity n j

Mg =980(20) MeV and I' = 75(25) MeV

i,
IFy

0 1S
(Je\
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Relation between KK,mn,mm’ SFFs

Breit-Wigner Wwe have also considered a two-resonance BW SFF

e _ @ (M=) (M3 = s) + 7 (s + M2 M2,)) [}, (M3 —s) +c, (M3~ s)
(MZ— 5 — iMsTs(s)) (M3 — s — iMgT5(s))

" T — . - ;2 =II"E R :2 In' r
Mg T 1474(19) MeV and I = 265(13) MeV Cn + €m = F7/4
/3 = (1457 — i161/2) MeV em = 41.9 MeV
14} — B. Wigner [a0(980)]
r -- B. Wigner [ag(980)+ag(1450)]
12}
20 s
I — B. Wigner [ag(980)] 1 L= 8:_
- -- B. Wigner [ag(980)+agp(1450)] | - = i
15 6 '.
= 4t I 7%
| . L
! A 0o o5 1o 1
1 / | Vs (GeV)
' e Now both normalized FFs differ!

00 o5 10 15 2.0
Vs (GeV)
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Relation between KK,mn,mm’ SFFs

Elastic final state interactions
Analyticity and elastic unitarity ensured through a dispersion relation

,f/ o \ ") e oo (s
I/' fth = (Mg :'i'rt.-r"l2 iL .\"'- F‘[E' } ( S} T .f- d

T b s'—s5-— .’-::

— i)
I Lﬁ-ﬁj‘( ’\/\N\,{ X II]IF ¢ ) Tn{r](S)F?r " TE(S)
ry . MIF”.I( :I{S}

=FJ " sma?’g "(s)e
§ (once subtracted) Omnes solution (Omnes '58)

— -

_ S-S0 % _
= P(s)exp /s, ds (5~ 50)(5 —5-7) = P(s)Q(s)
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Relation between KK,mn,mm’ SFFs

Elastic final state interactions
Elastic unitarity: Form factor phase= Op—p(n 2> 2 elastic scattering

Imfy ?.D(S)
Refq ?.D(S)

ly o: unitarized S-waves of the U(3) x U(3) amplitudes in yPT at
one-loop including resonances (Guo-Oller: Phys.Rev. D84 (2011) 034005)

= arctan

-L'I s *y 4 o o~
) . | N :__f Cd = Cdx\/ﬁ" Cm = CmX\/E
., . w4 -..I'.__.- , “

> + wﬁ’; + A ¥+ erossed

s H Cq = 17.4 MeV , Cm=28.1 MeV

M, s, = 1390 MeV, Mg = 1020 MeV
& 10,mn _ 10,mn" _
n s ) ag""=2, ag"" =-1.14
b t + cromsed N =-0.22 Errors known,

./ svN
@ @
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Relation between KK,mn,mm’ SFFs

Elastic final state interactions
Elastic unitarity: Form factor phase= o5

:rr?}

' 2 ., 2 elastic scattering

[mt; o(S) Nio(s)
= arctan . Ho(s)= =
Retio(S) 10(5) Di0(8)
~ 5-5 [°= ImD(s") _8-5 , ImN(s")
D(s) = D(so) + T me o (8" —Sg)(S8'—s5—ic) N(s) = w f—m S[s’—sg)[s’—s—r'a}
Simplified perturbative solution
Nio(s ,

t0(8) = T O N o) = TOPI TP _ g(5)(TO))?

1+9(s)Nio(s)

g(s): meson one-loop scalar functions
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Relation between KK,mn,mm’ SFFs

Elastic final state interactions
Assuming Fg_”[ '(s) to behave as s : F{;Tﬁ{ }(s) = P(5)Q(s).
(Brodsky-Lepage)
. 1
(2(s) ~ S_E_._ f = F({‘i(m) —d(Ssth)); d(o0)=nm = P(S) constant (n=1)

|

our choice: P(s) = Fret=amer )
200 o
T T ] [ |- Real Pant
[ 8-— Imagimary Part
— ]_50_ I; '6' —  Absolut value
L2 100} 4 |
= 1 < af
= 5[}; {}: II'III T _____:T_—_é
- 1 '}:................x?“'f'-..u........
' 1.2 14 16 1.8 00 05 10 15 20 25 3.0

Vs (GeV) Vs (GeV)
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Relation between KK,mn,mm’ SFFs

SFF: Closed expression
Once subtracted dispersion relation

S— So fm 4 o(s)t;(s")F(s)
Sih (8" —Sp)(s'—s—Ig)

F(s+ig) = F(sp) + = F(s) + F(s+ic)

m

F(s+is)—F(s—ic)=2io(s)t*(s+ic)F(s+ic)
= 2io(s)t*(s+ie)[F(sp) + F(s+ic)]

F(s+ie)D(s +i2) ~ F(s~i2)D(s i
=-2i1ImD(s)F(Sp),

t=N/D
Imt=' = —o(S) }
ImD(s)=-No(s)
_ 1 —(s—-5g) [ ds lll]D(SI)F(S[})
D(s+ic) m Jsw  (5-50)(s'-9)
=-D(s+ie) ' [D(s+ig) - D(s)] F(Sp)
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Relation between KK,mn,mm’ SFFs

SFF: Closed expression

s— s,

(1)
F," (s) = .

0
i1 s—sb

D(s)™'D(sp)Fo(so)

o

lwamura, Kurihara, Takahashi '77

Kamal '79, Kamal, Cooper '80
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Relation between KK,mn,mm’ SFFs

SFF: Coupled channels case
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Relation between KK,mn,mn’ SFFs

SFF: Coupled channels case Two coupled channels

Closed-form solution
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A closed-form solution is much less time-consuming than the ‘traditional’ iterative
method, which is great for fits and MC generators (TAUOLA)

O. Shekhovtsova , T. Przedzinski, P. Roig & Z. Was. Phys.Rev. D86 (2012) 113008
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Relation between KK,mn,mn’ SFFs

SFF: Coupled channels €asé Two coupled channels
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Relation between KK,mn,mn’ SFFs

SFF: Coupled channels case Two coupled channels

_ _ Closed-form solution
We can also consider coupling mn & nin’ to KK
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Relation between KK,mn,mm’ SFFs

SFF: Coupled channels case Three coupled channels
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Straightforward generalization of 2-coupled channels case (closed-form solution)
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Relation between KK,mn,mm’ SFFs

SFF: Coupled channels case
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Relation between KK,mn,mm’ SFFs

SFF: Coupled channels case Three coupled channels
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Relation between KK,mn,mm’ SFFs

SFF: Coupled channels case Three coupled channels
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BRy -10° | BRg - 10° BR-10° Reference
0.25 1.60 1.85 Tisserant, Truong [66]
0.12 1.38 1.50 Bramén, Narison, Pich [67]
0.15 1.06 1.21 Neufeld, Rupertsberger [68]
0.36 1.00 1.36 Nussinov, Soffer [69]
0.2,0.6] 0.2, 2.3] (0.4, 2.9] Paver, Riazuddin [70]
0.44 0.04 0.48 Volkov, Kostunin [71]
0.13 0.20 0.33 Descotes-Genon, Moussallam [72]
BRy -10° | BRg - 10° BR-10° Our analysis
0.81£0.10 | 22070 £0.51 | 3.13 £ 1.96 Breit-Wigner |ag(950)]
0.84+0.19 | 1.537-1 £0.34 | 237 +1.30 Breit-Wigner [ag(980) + ao(1450)]
0.84+0.19 | 0.337005 £0.07 | 1.17 £0.36 Elastic Omnés solution
0.84 £0.19 | 0.47 £ 0.11 1.31 £0.22 2 coupled channels (771 to 7 7)
0.84 +0.19 | 591 £ 1.33 6.75 +1.34 2 coupled channels (71 to K~ K")
[0.81+£0.19 | 4.46 £ 1.00 5.30 £ 1.02 3 coupled channels
BR-10° Experimental collaboration
< 14 (95% CL) | CLEO [4]
< 7.3 (90% CL) | Belle [3]
< 9.9 (95% CL) | BaBar [2]

Table 1: Branching ratio predictions for 7= — 7 7, as obtained as from Eq. (9) with
the vector and scalar form factors described in the text. We name our predictions depend-
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Figure 10: Decay distribution for 7~ — 7 7'v; as obtained as from Eq. (9)
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Errors due to n-n-n’ miXing

exn ~ 0.018(2) rp = 0.0134 Exy = 0.0155

E‘i"l."i"j"r s U.DD5(1) a—,_lrf (43 :|: 1} ]D—?p Em,lrr — D.{:}DGTQ
(Kroll Mod.Phys.Lett. A20 (2005))

Source table 1 set 1 set 2

BRs - 10° BR-10° BRg - 10° BR-10° BRg - 10° | BR-10°
B.W. (1res) | 22972 4+051|313+1.96 | 142755 +0.04 | 1.94+1.13 | 208777 | 2.84 £ 1.65
B.W. (2res) [ 153705 £034 237130 094775 £0.03 | 146 +0.74 [ 1.397 5% [ 215+ 1.05

Omnes 033700 £0.07 | 1.17£0.36 | 0217502 £0.06 | 0.73£0.19 | 0.317 59 | 1.06 = 0.10
mntom y | 047 £0.11 1.31 £0.22 | 0.29(1) 0.81(17) 0.43 1.19
mntoK K° | 591+1.33 6.75 + 1.34 | 3.66(12) 1.18(21) 5.38 6.14
3 c.cC. 1.46 £+ 1.00 5.30 £ 1.02 | 2.76(9) 3.28(19) 1.06 1.82

Table 2: Branching ratio predictions for 7= — 7 nu, obtained by considering =, = 0.0134
and =,y = (3£1)- 10~2 for the set 1 and £ry = 0.0155 and =, = 0.00679 for the set
2 as explained in the text, compared with results given in Table 1. The source of the

uncertainty in set I arise fmm the errors on £, and =, (first and second error on the
vector and scalar form factor respectively) and from the (uncorrelated) errors on the input
values (second error on the scalar form factor). In set 2 the error is only due to the latter.

Our best theoretical estimate, | The finiteness of the matrix element at the origin imposes
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Meaningless uncorrelated error analysis
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Predictions for iy’

BRy BRg BR Reference
< 107" 0.2,1.3]-107° 0.2,1.4]-107° Nussinov, Soffer [73]
(0.14,3.4] - 107% | [0.6,1.8] - 1077 0.61,2.1]- 1077 Paver, Riazuddin [74]
1.11-10°% 2.63- 107" 74-1078 Volkov, Kostunin [71]
BRy BRg BR Our analysis
0.02-10° 10 0.10(10) - 100 | 0.12(10) - 10~ 10 Breit-Wigner (1 res)
0.02- 10710 (0.3970457) - 10719 | 0.41(10) - 1071 Breit-Wigner (2 res)
0.02 10710 (0.1275:53) - 107% | 0.12(12) - 10~* Elastic Omneés solution
0.02- 1071 0.1-107° 0.1-107° 2 ce (771 to T n)
0.02- 1071 1.7-107° 1.7-107° 2 ce (mn to K- K")
0.02 - 10~ 0.4-10"" 0.4-10"° 3 coupled channels

BR Experimental collaboration

<4-107" (90% CL) | BaBar [6]

< 7.2-107°% (90% CL) | BaBar [7]

Table 3: Branching ratio predictions for 7= — 771, as obtained as from Eq. (9) with the
vector and scalar form factors described in the text. We name our predictions depend-
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Science-fiction measurement?
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Science-fiction measurement?
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CONCLUSIONS

« We improve the SM description of the t—>anOv_
decays. VFF predictions are sharp, while (dominating)
SFF’s have large uncertainties.
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CONCLUSIONS

« We improve the SM description of the t>rnOv_
decays. VFF predictions are sharp, while (dominating)
SFF’s have large uncertainties.

« Discovery of (SM) 2nd class currents through these
decay modes should be possible @ Belle-II.

+ S(2) New Physics signals may show up.

* The search for these decays will be driven by the
Mexican node of the Belle-1l Collaboration (Michel
Hernandez, Eduard & Gabriel's student).
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CONCLUSIONS

« We improve the SM description of the t>rnOv_
decays. VFF predictions are sharp, while (dominating)
SFF’s have large uncertainties.

« Discovery of (SM) 2nd class currents through these
decay modes should be possible @ Belle-II.

+ S(2) New Physics signals may show up.

* The search for these decays will be driven by the
Mexican node of the Belle-II Collaboration.

« México is also contributing coding the relevant SM
FFs in TAUOLA and predicting the most important SM
bkg (t—mnOyv. Adolfo Guevara, Gabriel & PR).
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ANUNCIO

Se oferta un posdoc de dos anos (1+1)
asoclado al proyecto de Ciencia Basica
del Dr. Gabriel Lopez Castro
(Cinvestav, México DF) en el area de
“Fisica de sabor: fenomenologia” para
comenzar en Abril de 2016. La
convocatoria se realizara
proximamente a través de las listas de
correo de la DPyC y RED-FAE.
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